Abstract. Soil salinisation is a phenomenon considered to be a real threat to natural resources in semi-arid climates. The phenomenon is controlled by soil (texture, depth, slope etc.), anthropogenic factors (drainage system, irrigation, crops types, etc.), and climate factors. This study was conducted in the watershed of Oued El Abid in the region of Beni Mellal-Khenifra, aimed at localising saline soil using remote sensing and a regression model. The spectral indices were extracted from Landsat imagery (30 m resolution). A linear correlation of electrical conductivity, which was calculated based on soil samples (ECs), and the values extracted based on spectral bands showed a high accuracy with an R 2 (Root square) of 0.80. This study proposes a new spectral salinity index using Landsat bands B1 and B4. This hydro-chemical and statistical study, based on a yearlong survey, showed a moderate amount of salinity, which threatens dam water quality. The results present an improved ability to use remote sensing and regression model integration to detect soil salinity with high accuracy and low cost, and permit intervention at an early stage of salinisation.
Introduction
Soil salinity is a worldwide environmental problem [1] especially in arid and semi-arid climates [2] . Generally, it is calculated based on the electrical conductivity (EC) of the soil. In the last decade, many studies have aimed to identify the soil salinity using remote sensing based on satellite images [3] . In Morocco, as in many developing countries [4] , the combination of poverty and population growth in fragile environments results the degradation of non-renewable resources. Salinity threatens about 500,000 hectares of land there, where most of it located upstream dams of water and belong to irrigated zones which treats natural resources as well as human livestock [5] . The phenomenon is controlled by several factors, including soil characteristics, climate factors, and anthropogenic factors, which make the control of the phenomenon difficult [6] . The sodium-rich soils have a pH of more than 8.2 with a preponderance of sodium carbonate and bicarbonate. This results in sodium saturation of the clay fraction, and leads to a compact and impermeable soil, which prevents aeration and penetration of water necessary for normal plant growth [7, 8] . The watershed of Oued El Abid has a moderate rate of soil erosion, which is related to soil salinity [9] . Erosion, in turn, influences the spatial distribution of salinity, for example causing high salinity in the deposit area farther down the watershed, caused by inundation event. Furthermore, the accumulated water in the Bin El Ouidane dam, which is the main sources of irrigation the region, threatens agricultural lands downstream [10] . After irrigation, the water added to the soil is used by the crop or evaporates directly from the soil. The salt, however, is left behind in the soil and, if not removed, by (calcium sulfate dihydrate (CaSO4*2H2O)), accumulates. This negatively impacts the limited agricultural land, reduces production, and often leads to land being abandoned, leaving a bare surface with occasional shrubs [11] . This study covers the watershed of Oued El Abid with an area of 7686 km 2 in the upper part of the immense OumEr-Rbia watershed (50,000 km 2 ) in the region of TadlaAzilal between the High Atlas and the plain of Tadla. The main water course is the Oued El Abid, a standout amongst the most essential water assets of Morocco, which aliment with the Oued Assif Ahensal the Bin El Ouidane dam, utilized for water system and hydropower ( Fig. 1) .
Fig. 1. Study area
The overall aim of this study was to develop effective combined spectral-based statistical regression models using Landsat images to introduce an approach to map salinity hazard, the application of which should help track down the occurrence of salt in the subsoil at an early stage.
Methodology
To localize the affected regions in the watershed, an approach using an integration of remote sensing and regression model was used (Fig. 2) . The usefulness of remote sensing has been improved by many studies, in particular those based on visible spectral bands [12] .
Fig. 2. Methodology
The EC was calculated in the laboratory based on saturated paste extracts from soil samples (Tab. 1) collected in the field [12] . To obtain accurate analytical results, each of the 43 soil samples was reported based on the mean of five subsamples taken within a 1600 m 2 area. The mean sample was attributed to the central sample. Each subsample consists of about 1 kg of top soil taken at 30 cm depth. The samples' ECs ranged from 533 to 5440µs/cm, with a mean salinity value equal to 1454µs/cm.
Remote sensing was used to extract indices based on Landsat 8 Oli images from the same date as the field sampling. Those images are captured by the Landsat sensor launched on February 11, 2013, which consists of two science instruments, the Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS). These two sensors composed from 11 bands (Tab.2) provide seasonal coverage of the global landmass at a spatial resolution of 30 meters (visible, NIR, SWIR), 100 meters (thermal), and 15 meters (panchromatic) [13] . The images were used after a radiometric-atmospheric treatments and classification to obtain high-accuracy results using ENVI, the radiometric correction consists of conversion from the sensor measurement to a physical quantity, when the sensor is measuring a radiance from the top of the atmosphere, the radiance is normalized into a reflectance values. Where the Dark Object Subtraction (DOS) has used for atmospheric correction to calibrate the luminance measured in the image. The map layout and indices extraction were done in ArcGIS software. The validation of the obtained values from Landsat images by comparison to the soil sample analysis was done using a regression model in JMP13 [15] .
Results
The results show a high correlation between the Landsat Oli image bands (B1 and B4) and EC with an acceptable R 2 (0.80) and root-mean-square error (RMSE = 488.56) (Tab. 3). Based on these results, a model (Eq. 1) was integrated with Landsat imagery to produce a soil salinity map (Fig. 3) . 
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Discussion
The main contribution of this study is the use of remote sensing to localize area affected by salinisation. Our results prove the capability of the methodology to identify affected areas and show a high correlation between laboratory analyses and the model presented 7 E3S Web of Conferences 37, 04002 (2018) https://doi.org/10.1051/e3sconf/20183704002 EDE6-2017
The acceptable R 2 demonstrates the usefulness of Landsat satellite imagery even at medium resolutions-high resolution is not necessary to get an accurate result. The map shows moderate and distributed salinity upstream of Bin El Ouidane dam, where soil erosion occurs at high rates [9] and increases downstream of the dam, which explains the agricultural lands affected by saline irrigation water [16, 17, 18] .
The survey (Tab. 4) shows similarity of result of measured and model estimation with a standard deviation of 10 µs/cm. Indeed, the obtained results has its limits by lack of historical datasets and unpublished studies concern the study area which could be helpful to validate accurately the model, adding some limits related to survey area as the topography which restrict our mobility and limits the spatial distribution of soil samples, the things which could affect the accuracy of the results and validity of the model.
Conclusion
This study shows the ability of remote sensing to map soil salinity by coupling satellite image bands to a regression model. With the simplicity of the model and accuracy of the result, remote sensing becomes a reliable source to map soil salinity and could provide important support to decision makers and planners to simulate scenarios for the evolution of salinity and plan interventions against it. This study also demonstrates that even a relatively low satellite image resolution of 30 m can yield a highly accurate map of soil salinity, which may be especially useful in large study areas where high image resolution is an obstacle.
